Obstructive Sleep Apnea Syndrome (OSAS) is mainly associated with executive dysfunction. Although delayed reaction times (RTs) in patients with OSAS have been reported, sensitivity of processing speed has not been adequately assessed. This study suggests sensitive and reliable measures to clarify whether different components of information processing speed, i.e. cognitive and motor responses, are equally impaired in OSAS. Thirty-three patients with OSAS were compared with thirty healthy controls. The MoCA test was administered to assess participants' global neuropsychological profile. Cognitive and motor reaction times were measured using a detector panel which allows to distinguish between stimulus encoding, decision processing, and selection of the appropriate motor response. Logistic regression models highlighted both MoCA test and motor RTs as the best predictors differentiating patients from healthy participants.
Introduction
Information processing speed is a very sensitive measure to detect both clinical and subclinical cognitive disorders. Reaction times (RTs), which are observable and quantifiable indexes of information processing speed and of attention, are often measured in order to evaluate the ability to respond quickly and accurately to simple and complex target stimuli. A delay in information processing and psychomotor speed can be observed in individuals with Obstructive Sleep Apnea Syndrome (OSAS), a sleep disorder characterized by episodes of apnea (cessation of breathing for 10 s or longer) or hypopnea (significant reduction in breathing), oxygen desaturation, frequent arousal, and intermittent hypoxia (Beebe, 2005) . Hypoxia and subsequent re-oxygenation cause increased permeability of the blood-brain barrier resulting in neurotoxicity and consequent medical and neuropsychological sequelae (Lochhead et al., 2010) . More specifically, oxygen reduction causes a variety of disturbances and cognitive deficits in memory, attention, learning, and decision-making times (Bonnon, Noel-Jorand, & Therme, 1999) in an array of diseases and clinical conditions such as stroke, cardiac arrest, acute respiratory distress syndrome, high-altitude cerebral edema, acute mountain sickness and, indeed, in OSAS. Although a debate is underway on the existence of cognitive dysfunction in OSAS patients, some authors highlight only a partial cognitive impairment (for a review see Devita et al., 2016) that can be largely explained by an alteration of the pre-frontal cortex (PFC), which is most sensitive to both intermittent nocturnal hypoxia and sleep disruption (Beebe & Gozal, 2002) . The PFC has been chiefly assumed to control attention and executive functions, and may be damaged in their functioning even by a single night of sleep deprivation, as demonstrated in some neuroimaging studies (Drummond et al., 1999; Thomas et al., 2000) . In their etiological model, Beebe and Gozal (2002) suggested that one of the main consequences of OSAS is indeed functional damage of the prefrontal regions of the brain, demonstrated at behavioral level by executive dysfunction (i.e. in behavioral inhibition, attentive shifting, emotion and arousal self-regulation, working memory, and contextual memory).
Although it is well established that frontal dysfunction plays a pivotal role in explaining the neuropsychological consequences of this sleep disorder, other brain areas could also suggest a link between neuroanatomy correlates and cognitive functioning in OSAS symptomatology. Hypoxia has been found to be responsible for structural brain damage in basal nuclei and in the cerebellum (Mattay et al., 2002) , areas that are associated with attentional skills, motor speed and fine motor coordination movements, which seem to be impaired in OSAS. A strong link between the PFC and the cerebellum has been described (Diamond, 2000) , and both structures have been reported as being involved in information and psychomotor speed (Eckert, Keren, Roberts, Calhoun, & Harris, 2010) . In their study, Eckert et al. (2010) found two putative networks related to information processing speed: a frontal and a cerebellar one, which are also the most compromised areas in OSAS (for a review, see Devita et al., 2016) .
In the organization of brain cognition, executive functions are required for integrating new introspective, sensory, and situational information by focusing on appropriate stimuli and planning a response (Jackson, Croft, Kennedy, Owens, & Howard, 2013) . However, according to Verstraeten, Cluydts, Pevernagie, and Hoffmann (2004) , executive functions may be worsened by lower-level cognitive deficits and OSAS patients clearly show impairment in some basic mechanisms (e.g., information processing speed, short-term memory span, and attention). Spikman and van Zomeren (2010) focused on the assessment of such basic processes. They suggested that attentional skills and psychomotor speed are closely linked to each other, and that they are composed of three sub-levels based on task difficulty and time pressure. The "operational" level provides a measure of the basic speed of information processing; tasks are relatively simple but there is always a strong time pressure. The "tactical" level requires both speed and planning skills, and characterizes more complex and challenging tasks. Finally, the "strategic" level, where autonomous strategies are conceived, involves more executive demands, with a minimum time pressure. As a result of this differentiation, the construct of processing speed can be more clearly defined than that of executive functions. In the majority of studies, however, processing speed is measured together with other cognitive variables producing a confounding effect across factors. Salthouse (2000) has greatly contributed to the better comprehension of this mechanism by distinguishing between decision speed ("the time to respond to cognitive tests with moderately complex content) and perceptual speed ("the speed of responding with simple content in which everyone would be perfect if there were no time limits").
In the last decade a number of studies investigating the difference between cognitive and motor reaction times have been reported in the literature (e.g., Cerella, 1991; Salthouse, 1996; Sleimen-Malkoun, Temprado, & Berton, 2013) . Cerella (1991) supported the so-called General Slowing Hypothesis (GSH) in the cognitive domain, explaining that behavioral slowing is mediated by a generalized deficit in the processing speed of the Central Nervous System (CNS) responsible for the decline in a variety of tasks. According to the GSH, a generalized decline occurs in all cognitive processes or, at least, in all non-peripheral ones (Cerella, 1991; Salthouse, 1996) . "Slowed synaptic transmission, increased information loss, longer cycle time per calculation, greater neural noise" are all primary features of GSH, resulting in global behavioral slowing down (Cerella, 1991; Salthouse, 1996) . This hypothesis has been frequently associated with age-related slowing and it is often also used to explain attentional and cognitive loss in several disorders (e.g. Shura et al., 2017; Choi & Feng, 2016) . Although GSH has been mostly associated with decision times and with cognitive processes, some authors have claimed that it may also affect motor responses. For example, Cerella (1991) found moderate sensory motor slowing in groups of middle-aged and old-aged participants, while marked cognitive slowing was observed only in the old-aged group. According to the author, these findings give further support to the existence of a network divided into two different regions: "a cognitive core and a sensory motor fringe". More recently, Sleimen-Malkoun et al.'s (2013) study aimed to determine if GSH could be extended to the motor domain by comparing age-related cognitive and motor slowing. They found age-related co-variation of behavioral slowing in both cognitive and motor domains, due to unspecific limitation of processing speed in the CNS. In other words, according to Sleimen-Malkoun et al. (2013) , a decrease in processing speed would act as a common cause of behavioral slowing in both cognitive and motor tasks. However, most neuropsychological tasks typically used to assess information processing speed might not be sensitive and accurate enough to quantify the two components. In the field of OSAS investigation this aspect becomes crucial. For example, a number of studies (for a review see Kilpinen, Saunamäki, & Jehkonen, 2014 ) used paper-and-pencil tests like the Trial Making Test A or the Digit Symbol to assess responsiveness, but very few adopted digital tasks like the Simple Motor Reaction Time Test (see Jackson et al., 2013) . Also Jackson et al. (2013) did not distinguish clearly between higher-level cognitive processing speed and lower-level psychomotor speed. Table 1 lists some studies and the methods used to assess information processing and psychomotor speed (see also Fig. 1 ).
The aim of the present study was to provide sensitive and reliable measures to determine whether different components of information processing speed like cognitive and motor reaction times are equally impaired in OSAS. This issue can be addressed with a specific methodological approach allowing to determine and evaluate two qualitatively different mechanisms underlying the observed performance. Firstly, the target stimulus has to be dealt with by visuospatial attentional processes (stimulus encoding, decision process) and secondly, a motor response must be appropriately selected and given (motor reaction times). The use of specific computerized tests disentangles the two cognitive and motor components and, at the same time, provides reliable RTs allowing better comprehension of different levels of information processing. This methodology can be ascribed to the aforementioned "operational" level hypothesized by Spikman and van Zomeren (2010) , contributing to the investigation of psychomotor speed of OSAS patients through accurate measures of this basic ability.
Material and methods
Thirty-three OSAS patients never treated before (29 men and 4 women; Mean age = 60.42 ± 13.04) were recruited. In accordance with the International Classification of Sleep Disorders (1997) the inclusion criteria were: clinical OSAS profile with subjective report of symptoms, and an apnea-hypopnea index (AHI) > 15/h (Mean apnea per hour: 39.5 ± 17.79). Exclusion criteria were: current continuous treatment with positive airway pressure (CPAP), use of drugs acting on the central nervous system (e.g. benzodiazepines), current or planned intervention for weight reduction, hypertension, diabetes, and other neurological or psychiatric disorders. Patients were evaluated by a fullnight attended polysomnography (PSG). Given the well-known lack of information about the interval between disease onset and its diagnosis, we directly asked our patients to estimate when they had experienced apnea symptoms for the first time. They reported onset as far back as ten years previously, making them chronic patients with a long history of the disease.
Thirty healthy controls (26 men and 4 women; Mean age = 59.9 ± 13.33) without any history of snoring or sleep complaints were recruited. OSAS patients and healthy controls were matched for age (t (61) = −0.158, p = 0.875), education (t (61) = 0.069 p = 0.945) and cognitive reserve (t (61) = −0.455, p = 0.651). The latter was measured using the Cognitive Reserve Index questionnaire (CRIq; Nucci, Mapelli, & Mondini, 2012) , administered at the beginning of the evaluation. The study was approved by the local Ethics Committee. Table 2 shows demographic data of all participants.
After giving their consent, OSAS patients and healthy controls (HC) underwent one paper-and-pencil test (i.e. the Montreal Cognitive Assessment, MoCA) and four computerized tests (i.e. the Simple Reaction Time Test, RT/S1, the Complex Reaction Time Test, RT/S3, the Movement Detection Time Test, MDT/S2, and a more complex version of this same test, MDT/S3), all taken from the Vienna Test System (www.schuhfried.at). For the administration of the computerized tests, participants were seated in front of a 13-inch monitor placed 50 cm from their eyes. The answers were given through an interactive panel equipped with colored buttons and a sensor key (i.e. rest button). During the paper-and-pencil test, participants were seated in front of the examiner in a well-lighted quiet room. The administration of the tests lasted around one hour. All the tests used are described below:
-The MoCA test (Nasreddine et al., 2005) evaluates global cognitive functioning. It assesses visuospatial abilities, executive functions, short-term memory recall, language, and orientation in time and place. The time required for administration is about 10 min, making the test a quick and reliable measure of neuropsychological functioning. -The RT/S1 is a computerized test administered in order to evaluate information processing speed and, in particular, both cognitive and motor reaction times. Participants are asked to perform a simple reaction time task: when the target stimulus (a yellow light) appears on the screen, the participant has to answer as fast as possible by pressing a button on the keyboard. Five practice stimuli precede the test. In the test phase, 28 stimuli are presented, each requiring a response. The time needed for administration (including instructions) is about seven minutes. This computerized Reaction Time task allows to measure both a Cognitive reaction time (RT/S1 COG) and a Motor reaction time (RT/S1 MOT) for each stimulus. The former measures the time (msec) between the appearance of the target and the moment the finger leaves the rest button; the latter is the time (msec) that elapses between the moment the finger leaves the rest button and the time the reaction button is pressed in response to the target. -The RT/S3 is a more complex version of the RT/S1 seen above. In this test format, a sequence of yellow and red lights, a tone and combinations of these stimuli are presented. The critical combination to which the respondent is required to answer consists of simultaneous visual and acoustic stimuli (yellow light and a tone at 2000 Hz). A minimum of nine practice stimuli are presented. In the test phase, 48 stimuli are showed on the screen, 16 of which require a reaction. The time needed for administration (including instructions) is about nine minutes. This test, as the RT/S1, allows to measure both a Cognitive reaction time (RT/S3 COG) and a Motor reaction time (RT/S3 MOT). -The MDT/S2 is used to evaluate a participant's reaction to a moving visual stimulus with a congruent motor response. The stimulus (a small ball) moves very fast from the centre of the screen toward one of the four corners, each marked by a different color. Participants have to detect as quickly as possible the direction of the movement, lift their finger from the rest button, and press the corresponding key (same color) on the response panel. A total of 32 stimuli are presented at an interval of between 1025 and 6000 ms, and each stimulus remains on the screen for 750 ms. The MDT allows to measure the median cognitive reaction time between the presentation of the stimulus and the moment the finger is released from the rest button (MDT/S2 COG). It also allows to measure the median motor time based on the time between the start of the motor reaction and the time (msec) the corresponding key is pressed (MDT/S2 MOT). -The MDT/S3 evaluates the participant's reaction to a moving visual stimulus with an incongruent motor response. As for MDT/S2, a small ball moves from the centre of the screen to one of the colored corners. Movements are preceded by pauses between 1025 and 6000 ms and each of them lasts for 750 ms. Movement direction is random, as are the colors in the corners, which change at each trial. Compared with the previous task (MDT/S2), this one requires great involvement of executive functions because the color of the corners changes at every trial. Participants have to detect as quickly as possible the direction of the movement, lift the finger from the rest button and press the corresponding key (same color) on the response panel. In this test format, as in the other computerized tests, it is possible to measure a cognitive reaction time (MDT/S3 COG) and a motor reaction time (MDT/S3 MOT).
All the computerized tasks used in this study are based on the Parallel Distributed Processing (PDP) model which describes an interaction between top-down and bottom-up processes (Rumelhart, Hinton, & McClelland, 1986) . Although the distinction between a cognitive and a motor component of RTs could be seen as an oversimplification, it has been supported by a series of previous studies (Klapp, 1995 (Klapp, , 1996 Magnuson, Robin, & Wright, 2008; ) . In our investigation, the cognitive component of RTs would correspond to the decision time and to the pre-motor time (see Klapp, 1996) . According to the PDP model, in this phase two pathways between sensory input and memory processes are active: participants have to compare the received instructions with the presented stimuli. Conversely, the motor component would correspond to the selection and the implementation of an appropriate motor response. During this phase, the planned movements are activated and nervous impulses drive the muscles that allow those movements to take place. While human and mental processes are certainly more complex than this oversimplification, nonetheless the distinction between cognitive and motor RTs has been supported over time by numerous studies (Mierau et al., 2016; Vlagsma et al., 2016) .
Theory
In the Introduction, the expression "psychomotor speed" was used, indicating both cognitive ("psycho" component) and behavioral ("motor" component) processes that converge into a single action. Welford (1968) distinguished three components of reaction times: the first is "the time taken by the stimulus to activate the sense organ and for impulses to travel from it to the brain". The second component involves the central processes that allow to detect the target and to start a response. Finally, the third component represents the "time required to energize the muscles and to produce an overt recorded response". Some other studies have showed the independence of cognitive (central) and motor (peripheral) components of reaction times by measuring separately the time required to initiate a response (decision time) and the time required to give the appropriate motor reaction (Danev, DeWinter, & Wartna, 1971; Henry, 1961; Weiss, 1965) . In their study, Danev et al. (1971) also suggested that RTs are strongly influenced by vigilance and that, with low levels of vigilance, longer cognitive and motor reaction times should be expected.
Although decreased vigilance and decreased psychomotor speediness are well-known characteristics of OSAS patients (Beebe, Groesz, Wells, Nichols, & McGee, 2003; Gagnon et al., 2014) , it is unclear in which component of reaction times these patients perform worse. A meta-analysis of neuropsychological effects of OSAS (Beebe et al., 2003) has highlighted that this syndrome markedly affects fine motor coordination movements, while it influences simple motor speed to a lesser extent. Additional research investigating different components of motor speed are needed in order to detect at what level of the motor component the impairment occurs. Being able to distinguish further subcomponents of motor response may contribute to better understand the effects of hypoxia on the psychomotor slowness observed in patients with OSAS.
Statistical analysis
Three logistic regression models were built starting from a baseline model with GROUP (OSAS vs. HC) as the dependent variable and AGE and EDUCATION as predictors. In order to avoid potential confounding effects, each model was built by adding variables of interest as predictors to the baseline model, thus adjusting results for the effect of AGE and EDUCATION. In Model 1, the MoCA score was considered as the only predictor of interest. In Model 2 the mean values of cognitive reaction times obtained in the computerized tests (RT/S1 COG, RT/S3 COG, MDT/S2 COG, MDT/S3 COG) were taken into account. In Model 3 the mean values of motor reaction times of each test (RT/S1 MOT, RT/ S3 MOT, MDT/S2 MOT, MDT/S3 MOT) were added to the baseline model as predictors. In Models 2 and 3 one observation was deleted due to missing values. Collinearity across predictors was checked in all logistic regression models by means of variance inflation factors (VIF). For all the models, VIF values were lower than 10, thus suggesting no potentially harmful collinearity (Bowermann & O'Connel, 1990; Myers, 1990) . Moreover, the existence of influential outliers was checked with Cook's distance (D i ) . No values of D i were greater than 1, thus suggesting absence of influential outliers (Cook & Weisberg, 1982) . All analyses were performed by means of R Software (R Core Team, 2013) and considering an α level of 0.05 for defining significance.
Results
For each model we checked through a Likelihood Ratio (LR) Test whether adding our variables of interest might significantly improve their fit, compared with the baseline model. In Model 1, adding the MoCA score as predictor produced a significant improvement in the fit of the model (χ 2 (1) = 21.16, p < 0.001) and MoCA was highlighted as a significant predictor for discriminating between OSAS patients and Healthy Controls (z = −3.45, p < 0.001). In Model 2, the addition of Cognitive RTs did not significantly improve the model fit (χ 2 (4) = 2.33, p = 0.68) and no significant effects emerged for any of the considered predictors. In Model 3, the addition of Motor RTs produced a significant improvement in the fit of the model (χ 2 (4) = 20.29, p < 0.001). In particular, Motor RTs significantly predicted the belonging of participants to the GROUP, when considering RT/S1 (p = 0.012) and RT/S3 (p = 0.012) tasks, while only a trend to significance emerged for MDT/S2 (p = 0.051). No significant effect emerged for Motor RTs obtained in the MDT/S3 task (p = 0.24). Table 3 shows means and standard deviations of each measure. Logistic regression results are reported in Table 4 . The Odds-Ratio (OR) of significant predictors in Model 1 suggests that an increased MoCA score is related to diminished likelihood of belonging to the OSAS group (OR = 0.6; CII2.5% = 0.43; CI97.5% = 0.78). On the other hand, Model 3 ORs suggest that slower Motor RTs in the RT/S1 task increase the odds of having OSAS (OR = 1.03; CII2.5% = 1.009; CI97.5% = 1.06), while slower Motor RTs in the RT/S3 task diminish the odds of having OSAS (OR = 0.97; CII2.5% = 0.94; CI97.5% = 0.99).
Logistic regression results are reported in Table 4 .
Discussion
The aim of the present study was to separately determine the potential deficits of OSAS patients in cognitive and motor reaction times. Kilpinen et al. (2014) reviewed a series of studies showing general slowness in information processing and psychomotor speed in OSAS patients. However, to the best of our knowledge, all of these investigations did not distinguish between these two constructs and did not separately measure them. In our study we used extremely sensitive and reliable computerized tests which provided separate measures of cognitive and motor reaction times. This distinction has been repeatedly reported in the literature, but there is no consensus on both the definition of mechanisms and the way in which we can measure them. The differences in defining cognitive and motor RTs may be due to changes in the theoretical approaches underlying the different experimental designs. In the present study, we found that OSAS patients performed worse than controls at the MoCA test, showing that this syndrome globally impairs cognitive functioning. OSAS scores, however, were not at pathological level (see Table 3 ) when compared with the available Italian normative data (Santangelo et al., 2015) . Nonetheless, it is known that OSAS patients do not have optimal global functioning in daily life and that the most noticeable clinical sign seems to be psychomotor slowness. As to psychomotor speed, our data highlight that OSAS patients show slower reaction times, which we found to be restricted to the motor component in three of the tasks, but not on the MDT/S3. In this task the two groups did not seem to specifically differ in any components and this could be due to the high complexity of the cognitive processing load and to the number of cognitive, mainly executive, functions involved. Another controversial result was found between RT/S1 and RT/S3 odd ratios. In RT/S1 the odds of being OSAS patients increased with the increasing of RTs, while the opposite pattern emerged in RT/S3. As for MDT/S3, the increased complexity of the task may have confounded the effects observed in the simplest tasks. Despite these and other theoretical controversies about a tidy distinction between cognitive and motor RTs, some neurophysiological findings seem to sustain our results, especially the slowing down of the motor component. According to Bashore, Osman, and Heffley (1989) , supporting data for a component-specific slowing down can be achieved by conducting studies on brain potentials. RTs and the latency of the P300 component of event-related brain potentials allowed the authors to separate the reaction process into two sub-components: the time required for stimulus processing, indexed by P300 latency, and the time involved with response selection and activation, measured as the difference between RTs and P300 latency. Bashore et al. (1989) suggested that the response-related component (i.e. motor) is more exposed to the negative age-related effects than the stimulus-related component (i.e. cognitive), as indexed by P300 latency.
In patients with OSAS motor slowdown could have a substantial impact on daily activities by worsening cognitive efficiency. This is in agreement with those authors who do not confirm a primary cognitive impairment in OSAS patients (Verstraeten et al., 2004) but, rather, hypothesize these deficits as secondary to the motor slowness derived from daily sleepiness and/or non-restorative sleep. Thus, motor slowness might also be at the basis of their mild global cognitive impairment.
A number of studies have investigated motor movements and reaction times in aging. Smith et al. (1999) found that the slowing down of motor movements and the loss of fine motor skills reflect underlying age-related motor slowing. Furthermore, Mattay et al. (2002) showed that in normal aging a strong relationship exists between motor behaviors and prefrontal cortex activation (BOLD fMRI): the faster the motor behaviors, the greater the prefrontal cortex activation. Therefore, it could be hypothesized that hypoxia, which mostly impairs frontal brain areas, might accelerate aging processes, which in turn would compromise the motor component of reaction times. Houx and Jolles (1993) also found age-related slowing and the greatest effect emerged in "motor execution times". Further important evidence comes from Eckert et al. (2010) . Besides identifying the networks implicated in processing speed, they also found that the frontal and cerebellar areas reveal age-related structural alterations that would explain changes in processing speed linked to aging. The authors suggested that these structural networks appear to share topological features with functional networks (He, Chen, & Evans, 2007; Honey, Kotter, Breakspear, & Sporns, 2007) , highlighting the action of long-and shortrange fiber connections among regions. Impaired coordination between (Rodrigue, Kennedy, & Raz, 2005) . The prefrontal cortex and the cerebellum have been reported as the most age-related impaired brain areas (Bernard & Seidler, 2014) and this evidence represents a starting point to understand the neural underpinnings of age-related cognitive and motor decline. Our results suggest that what happens to healthy people with aging occurs in patients with OSAS regardless of age. These findings become more interesting within the current debate about OSAS and safety in daily life as evidence is being found on the increasing risk of work and driving accidents because of OSAS (George, 2004; Pizza, Contardi, Ferlisi, Mondini, & Cirignotta, 2008) . Karimi et al. (2015) showed that delays and protracted RTs are directly associated with a history of motor vehicle accidents in patients with OSAS. Moreover, others (e.g., Engleman, Kingshott, Martin, & Douglas, 2000) report that this and other serious life-threatening factors are strictly connected with sleepiness and drowsiness during the day. Our results encourage us to think that motor delayed reaction times might prevent prompt and effective responses to complex requests, thus causing many of the everyday life problems experienced by OSAS patients. To our knowledge, this clear impairment of the motor component has not been reported in other studies and we believe that its evolution over time would be a very interesting aspect to investigate in a longitudinal study within this clinical population.
Limitations
We are aware of some limitations in our study. First of all, lack of measures of vigilance and somnolence, which would allow us to evaluate micro-sleep episodes as adverse factors for cognitive functioning. Extensive literature shows that short and recurrent transitions from wakefulness to sleep (i.e. micro-sleep episodes) might disrupt the steadiness of cognitive functioning itself (Blatter et al., 2006 , Tirunahari, Zaidi, Sharma, Skurnick, & Ashtyani, 2003 . Engleman and Joffe (1999) suggested that the nocturnal physiological events of sleep disruption and the intermittent hypoxia would explain almost all the neuropsychological impairments observed in OSAS patients. Moreover, as a result of their inability to stay awake in both monotonous and stimulating settings, the patients with OSAS examined by Mazza et al. (2005) showed important difficulties in all attentional processes and vigilance tasks. However, as mentioned in the Introduction, it is difficult to draw conclusions because of the controversies reported in the literature. The broad inter-individual variability characterizing patients with OSAS is suggestive of extremely complex interactions between neuroanatomy, neurophysiology, and neuropsychology, so that the behaviors observed in this syndrome cannot be attributed to just one factor.
Another limitation is the lack of measures of partial oxygen pressure (PO 2 ) and of oxygen-saturation (SO 2 ). Oxygen desaturation is an immediate consequence of OSAS and it increases sympathetic activity and norepinephrine levels, leading to several medical complications, such as hypertension and diabetes (McNicholas, Bonsignore, & Management Committee of EU Cost Action B26, 2007; Peppard, Young, Palta, & Skatrud, 2000) . Most of the sequelae associated with OSAS have been reported to be strongly linked to the degree and duration of oxygen desaturation rather than to the number of apnea or micro-sleep episodes. The lack of body mass index (BMI) measure is another limitation of our study, since it might be responsible by itself for cognitive dysfunction. Therefore, the interpretation of our results should be considered with attention.
Conclusions
Our study has confirmed that patients with Obstructive Sleep Apnea Syndrome have a slight global cognitive impairment and show slowness in motor reaction times. As a result of such cognitive impairment, these patients experience difficulty in daily activities, due to worsening of their global cognitive efficiency and acceleration of their aging processes.
